Objective: The aim of this study was to compare the effect of face mask (FM) and Maxillary Bite Block (BB) in skeletal class III patients during mixed dentition with control group of the same class during their growth. Materials & Methods: Forty-two patients were selected based on clinical and cephalometric examination, with age ranged from 6 to 8 years according to definite criteria. Patients were classified into two groups: treated and control groups; all records were taken for every patient. Lateral cephalometric films were traced before and after treatment and analyzed. Results: Intermaxillary skeletal variables showed significant improvement in the treated group with an average increase of ANB angle (Maxilo mandibular difference angle) of 3.14˚ and an average increase in wits appraisal 2.15 mm. Conclusion: The study concluded that, treatment with face mask and maxillary bite block induced significant dentoskeletal changes.
Introduction
Orthopedic appliances are those appliances through which growth could be modified. Growth modification in skeletal Class III malocclusion can be achieved by inhibition or redirection of mandibular growth and/or stimulation of maxillary growth by traction. Extra oral appliance is an example of this orthopedic correction.
The preferred treatment for children having skeletal Class III malocclusion with retruded maxilla is the anterior movement of the maxilla where bone is added at the posterior sutures. This can be accomplished with Delaire face mask [1] - [5] that obtains anchorage from the forehead and chin or one of its modifications as, the suborbital face mask [6] that obtains its anchorage from the zygomatic bones and chin. The face mask exerts a protraction force on maxillary splints that makes the upper arch as a single unite.
The maxillary splints may be removable [2] [4] incorporating hooks in the canine-premolar region, cemented [6] [7] , or bonded [1] [8] , but the later causes hygiene problems and should be avoided. An extra oral force of approximately 400 -600 gm per side is applied by daily change of elastics that directed 30˚ downward to pull the maxilla in a downward and forward direction, to compensate for the vertical maxillary deficiency that accompanies most cases with maxillary deficiency [7] . It is worn for 14 hours per day.
Controversy surrounds it's optimum treatment timing: effective only during early mixed dentition, under 8 years [1] , effective in both age groups up to 12 years, effective in both age groups in spite of being more significant during early mixed dentition [6] , and others claimed that it protrudes the maxillary bone under 8 years while only pulls the maxillary teeth forward to compensate for skeletal malocclusion in children above 9 years. The start with palatal expansion then maxillary protraction is recommended [7] . Frankel appliance is used after maxillary protraction as a retainer, to remain the facial contour and improves the profile related variables [8] .
Macdonald et al. [3] recommended over correction of Class III malocclusion to compensate for post protraction growth deficiency of the maxilla.
The orthopedic and dental effects of the face mask therapy can be summarized in: it displaces the maxilla forward and rotates it in a downward and backward direction which consequently rotates the mandible also in a clockwise rotation giving rise to more convex facial profile. It moves the maxillary teeth forward while retract the lower incisors [1] [3] [8] - [10] .
Treatment of class III malocclusion in growing subjects is a challenging part of contemporary orthodontic practice. Many treatment approaches can be found in the literature regarding orthopedic and orthodontic treatment in Class III malocclusion, including intraoral and extraoral appliances such as (FM) facial mask [11] , (fr-3) appliance of Frankel [12] , bionator [9] , removable mandibular retractor [13] , double-piece corrector [14] , chincup [15] , splints, Class III elastics, and chincup [16] , and mandibular cervical headgear [17] [18] .
Initial observations on the effects of posteroanterior traction of the maxillary complex in the treatment of Class III malocclusion demonstrated skeletal protraction of the maxilla, improvement of the ANB (Maxilo mandibular difference) angle, backward and downward rotation of mandible with augmentation of facial hight, and lingual tipping of the mandibular incisors [19] [20] .
Clinical studies have also shown variable effects of maxillary protraction therapy on the amount of mandibular growth with the mandible rotated downwards and backwards during treatment [21] - [23] . Bite blocks (BB) have demonstrated beneficial therapeutic effects in subjects with dentoskeletal open-bite tendency, since they reduce extrusion of the posterior teeth and allow autorotation of the mandible to produce bite closure [24] . Extending these concepts [1] [25]- [27] , bonded maxillary expanders were used with acrylic splints as a BB device combined with FM therapy for Class III malocclusion. Favorable outcomes of BB therapy for the control of mandibular growth direction were observed in both experimental animal and human studies [28] [29] .
The purpose of this clinical study was to evaluate the therapeutic effects of a treatment protocol for Class III malocclusion consisting of a FM and a BB appliance in the maxillary arch. Active treatment effects were analyzed in consecutively treated patients.
Material and Methods
The procedures followed in the study were in accordance with the ethical standards of the responsible committee on human experimentation. The study was done on two groups of patients with total number of 24 patients with skeletal Class III malocclusion; patients were randomly selected from the outpatient clinic of orthodontic Department, Faculty of Dental Medicine, Al Azhar University Cairo, Egypt.
Patients were classified into two groups; group one, the treated group, consisted 12 patients and group two, the control group, consisted of 12 patients. Patients were selected with age ranged from 6 to 8 years and that was to give a chance for control group to have a time for their treatment after observation period that took 10 months for obtaining actual results.
All orthodontic records were taken for every patient. Lateral cephalometric films were selected from the records for analysis of pre and post treatment changes that were produced by facemask (FM) and maxillary Bite Block (BB). Delaire type facemask, in which the frontal and mental regions can be used for extraoral anchorage, Bite Block on maxillary arch with two hooks at the canine area, BB was cemented in place by Glass ionomer cement, extraoral elastics were used with average force magnitude 400 grams on each side. Elastics were directed 30˚ inferior to the occlusal plane from mesial surface of upper canines. The elastics were worn form 12 -14 hours a day for 10 months. During FM treatment, a BB was used in all treated patients, with the aim to counteract any tendency to clockwise mandibular rotation. The splints were intended to control molar eruption, limit intermaxillary divergence, and prevent clockwise mandibular rotation.
The selection of patients in both of the groups was made according to the following criteria: 1) skeletal class III relationship with maxillary retrognathism, 2) ANB angle less than 0˚, 3) All patients had no transverse discrepancy between the dental arches, 4) No craniofacial anomaly, 5) No history of pervious orthodontic treatment, 6) all patients had Class III malocclusion in the mixed dentition characterized by a Wits appraisal of −2 mm or less 7) No permanent teeth were congenitally missing or extracted before or during treatment 8) Co-operative patients and parents.
In order to determine the patients' skeletal age, hand and wrist radiographs were used and analyzed. In order to evaluate changes from pretreatment (T1) to post treatment (T2), lateral cephalometric films were used to determine linear and angular measurements as in Figure 1 and Figure 2 .
Lateral cephalograms were taken at the start of treatment T1 and the end of active treatment with the FM-BB protocol (T2). Analysis was used for all cephalograms examined in this study and it contained measurements from several analyses [10] [30]- [33] . Before the cephalometric analysis, the intraobserver measurement error was evaluated. Ten lateral cephalometrics, selected from various subjects in the study, were traced and measured at 2 times within a week by the same operator. The measurements at both times for each patient were analyzed with the intraclass correlation coefficient, which varied between 0.966 for the SNB angle and 0.995 for the inclination of the maxillary incisor to the Frankfort horizontal (FH) line. These values indicated a high level of intraobserver agreement. Linear measurement errors averaged 0.3 mm (SD, 0.8 mm), and angular measurement errors averaged 0.4˚ (SD, 0.6˚). Each cephalogram was traced at the 2 times, and linear and angular variables were measured. The cephalometric measurements used were the following): 1) cranial flexure, NSBa angle; 2) maxillary skeletal, SNA angle, A-N perpendicular (point A to a line drawn perpendicular to the FM from N), Co-ANS, and Co-A; 3) mandibular skeletal: SNB angle, Pg-N perpendicular (Pg to a line drawn perpendicular to the FM from N), Co-Go, Ar-Go, Co-Gn and Go-Gn; 4) skeletal differences: ANB angle, Wits appraisal (distance between the 2 points of intersection of the 2 perpendicular lines from points A and B to the functional occlusal plane), and maxillomandibular differential (difference between Co-A and Co-Gn); 5) vertical skeletal: SN-palatal plane(PP) angle, SN-GoMe angle, SN-GoGn angle, FH-PP angle, FH-mandibular plane (MP) angle, PP-MP angle, and gonial angle (Ar-Go-Me); and 7) dental measurements: maxillary central incisor (U1)-SN angle, U1-FH angle, IMPA angle, interincisal angle, OJ, overbite (OB). Also photographs were taken before and after treatment as in Figure 3. 
Results
Several significant and non-significant differences were observed between the treated and control group at the end of treatment at T2.
Treated Group
Statistical analysis of the pretreatment and post treatment changes in the treated group showed several significant changes from T1 to T2 as shown in (Table 1) length (Co-A, Co-ANS), and mandibular total length (Co-Gn) were significantly greater at T2 than at T1 while (SNB) were significant smaller value at the end of treatment (T2) the values for the ANB angle and Wits appraisal showed significant improvements.
The vertical measurements showed non-significant changes except the inclination of the PP (Palatal Plane) to the cranial base and the FH (Frankfort plane) to the mandibular plane (SN-PP, FH-MP) showed significantly smaller values at T2 and the same occurred for OJ (Over Jet). A positive OJ was obtained in all subjects at T2. There were significant decreases in the axial inclination of the maxillary and mandibular teeth and greater interincisal angle in the treatment group from T1 to T2.
Control Group
Statistical analysis of the control group is shown in Table 1 . There were non-significant changes in the cranioflexture characteristics and Sagittal maxillary position except (Co-A) showed significant increase at T2. The total mandibular length (Co-Gn and Go-Gn) were significant increase at T2. There were non-significant changes of ANB, wits appraisal and the vertical measurements except FH-PP angle showed increase at T2. The axial inclination of upper incisors showed significant increase labially and decrease of the interincisal angle while there were non-significant changes of the over jet and overbite.
Comparison of the Changes between Treated Versus Control Groups
The statistical comparison of the changes from T1 and T2 in the treated and control groups ( Table 1) showed many significant changes produced by active treatment changes using FM-BB appliance. The maxillary and the mandibular skeletal measurements showed significant improvement in the treated group versus control group. Intermaxillary skeletal variables showed significant improvement in the treated group with an average increase of ANB angle of 3.14˚ and an average increase in wits appraisal 2.15 mm. There were significant changes in the vertical values particularly FH-PP and Gonial angle showed decrease in the treated group versus control group. The over jet improved significantly from T1 to T2 in the treated group versus control group (4 mm) while the axial inclination of the upper and lower incisors decreased and the interincisal angle increased in the treated group versus control group.
Discussion
Skeletal Class III malocclusions are known to be the most difficult malocclusion types to treat among the many skeletal disorders [10] . It has been suggested that, to obtain optimum treatment results with maxillary protraction, it must be applied in the pre-pubertal period (Shanker 1996 [34] ).
Face mask treatment caused a mesial movement of the basal and alveolar regions, and that anterior rotation of the maxilla and posterior rotation of the mandible occurred (Enacar and Demirhanglu, 1989) [10] . Application of face mask protraction lead to anterior rotation and displacement of the maxillary complex (Kambara, 1977 [35] and Nanda 1978 [36] ).
A review of the literature reveals that early treatment with maxillary protraction appliance is effective in correcting Class III malocclusion due to maxillary retrusion (McNamara, 1987) [12] .
From the results of the present study, statistical analysis of pretreatment and post treatment changes in the treated group showed several significant changes from T1 to T2 as in Table 1 .
Sagittal maxillary position (SNA, A-N1), midfacial length (Co-A, Co-ANS) and mandibular length (Co-Go) were significantly greater at T2 than at T1, while ANB were significantly smaller value at the end of treatment T2. In contrast, Change et al. [37] did not reported significant improvement in maxillary position after face mask therapy in either short or long treatment.
The values for ANB angle and Wits appraisal showed significant improvement due to increased amount of forward displacement of maxilla during active treatment. This agrees with the study done by Cozza et al. [38] , and with previous reports. This is due to the use of splints in maxillary arch that facilitated the forward movement of the maxilla or due to prolonged time of face mask wear (12 hours).
The present study concluded that significant maxillary protraction was occurred and this agrees with the study of Walker's analysis [39] who believes that changes seen in the protraction mechanics and not from expansion appliance.
We compared the treatment effects of a FM-BB protocol in Class III malocclusion and growth changes in untreated Class III subjects. That following treatment and post treatment craniofacial modifications were seen during an average observation period .Also, the present study showed non-significant changes in vertical measurements expect in inclination of palatal plane to the cranial base and FH to the mandibular plane (SN-PP, FH-MP) showed significant smaller value. In contrast to the results reported by Kersten et al. 1998 [40] , these changes due to the effect of face mask and Bite Block that prevent the clock wise rotation of the mandible and palatal plane. That increased the relationship between the mandibular plane and palatal plane. However, these short term changes described previously by Deguchi et al. [41] disapproved by long term observation. Dental changes showed significant changes in maxillary and mandibular incisor inclination and over jet was significantly improved during active treatment from T2 to T1. This finding agrees with findings reported by Westwood et al., Chang et al. and Deguchi et al. [27] [37] [41] . However, this finding does not agree with results reported by Gozza et al. [38] and this is due to the use of an acrylic Bite Block in lower jaw which prevents retraction of lower incisors.
Finally, treatment during mixed dentition is preferable for many reasons, such as not to expose children to surgical procedures, rejection of parents to use any surgical techniques, and avoidance of any injury to still erupted permanent teeth. Consequently, from my clinical point of view, recently used methods, such as miniplates may be considered as invasive technique in mixed dentition for depending totally on surgical procedures. However, it is better to be used after complete eruption of all permanent teeth.
Conclusions
 Treatment with the FM-BB protocol induced significant dentoskeletal responses in terms of improvement of SNA angle, ANB angle, OJ, and molar relationship.
 Significant dentoskeletal changes in treated versus control group.  Protraction perse produce significant changes from T1 to T2 without expansion.  Maxillary acrylic splint with face mask significantly improved class III with retruded maxilla.
